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ABSTRACT the components outside of the dashed box, such as
A systemic extraction method to obtain the Re Cop Rs Rse: Rog: Cpg and R

induced gate noiseig(g*), channel thermal noise

(igq ) and their cross-correlation terigig’) in sub- G Re

micron MOSFETSs directly from scattering and RF 4
noise measurements is presented and verified with
measurements. The extracted noise currents versus
frequency, bias condition and channel length for
MOSFETs from a 0.18n CMOS process are pre-
sented and discussed.
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Currently, there is a trend to replace RFICs withrig. 1.  The RF noise model of an intrinsic MOSFET
BJTs and GaAs FETs with deep submicron MOS-that is suitable for high-frequency circuit applications.

FETs which have unity current-gain frequencig$ (f

After the devices and dummy structures, as

of several tens of GHz [1]. However, for many gescribed in [6], are fabricated, the induced gate
RFICs, low noise performance is very important.noise, channel thermal noise and their correlation in

Therefore, RF noise modeling of deep submicron\iOSFETs can be extracted by using the following
MOSFETs is very important for devices used in the15_step procedure [7].

front-end transceivers. Because of the difficulties inq
the extraction of the induced gate noise and its corre-
lation term with the channel thermal noise, several
noise models [2],[3] and simulation results [4] have
been presented, but they could not be verifiedy
directly with RF noise measurements for deep sub-
micron MOSFETSs. In this paper, a systematic proce-
dure to extract the induced gate noise, channej
thermal noise and their cross-correlation directly
from the scattering and RF noise measurements is
presented. The extracted noise currents of the MOS-
FETs fabricated in a 0.0 CMOS process versus 4.
frequency, bias condition and channel length are pre-
sented and discussed.

NOISE SOURCE EXTRACTION .

Fig. 1 shows the noise equivalent circuit model of
an intrinsic MOSFET that is suitable for RF applica-g_
tions. It consists of two parts - an internal part which

f:qn5|sts_02f &s Cop R Om: Rps iglg™ (or.|g ) and
igigh (orig?), and an external part which includes all

Measure the scattering parame®$gt, Sopen,
Sthruir and Stprus Of the device-under-test
(DUT), OPEN, THRU1 and THRU2 dummy
structures, respectively [6].

Measure the noise parameters (N& i, put
Yopt,puT and R, pyp) of the device-under-test
(DUT).

Perform the parameter de-embedding to obtain
the intrinsic scatteringYey) and noise parame-
ters NFuin,dev Yopt,dev@NdRy gey Of the transis-
tor [6].

Perform the parameter extraction basedygg,
and other measured data to obtain all the element
values (e.g. g, Cgs Cgp.--- €tc.) in the RF noise
equivalent circuit model [8].

Calculate the correlation matri€aqe, Of the
intrinsic transistor as defined in [9],[10].
Calculate the four-port admittance matypy,, of

the external part as defined in Fig. 1 by excluding
all noise sources, §5 Cyg 9m Rps andR;, and
partition Yey as
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15. Calculate the power spectral density of the chan-

v - Vee Yei ) nel thermal noise > (or iz4*), induced gate
extr Yie Yii noiseig2 (or igig*) and their cross-correlation
. termi,iq b
whereYgq Yeir Yie andy;; are %2 matrixes. g d_y
7. Calculate the two-port admittancé,, of the |id|2 )
internal part shown in the RF transistor model. A = AKTRYo 1 e (11)
8. Calculate the matrik as follows [10] —
|
D=-Y_(Y:+Y . )L ©) g™ _ 2 2
e! i intr . A 4kTRn Yoptl |Y11,intr|
9. Convert the noise correlation matr®yge, to and (12)
CYdebe 20 (Y. Y Y. a
+ . _ .
Cydev= TYCAdevTYT 4 [( 11,intr cor) 11,|ntrqg
where thet in TYJr denotes Hermitian conjuga- i idD
tion and the transformation matrTx, is given by —g—Af = AKT(Y 1 ingr ~ Yeor RnYoringD  (13)
[ Y11dev 1 whereY,,, is given by
Ty = : ©) _
Y Yo dey O Y = NFmin~* Y (14)
' cor ~ 2R ~ Topt”
10. Calculate the admittance noise correlation matrix n

Cyextr Of the external part by [11] MEASUREMENT AND DISCUSSION

C = 2kTO(Y 6
Yextr extr) ©) ~ The DUTs are n-type MOSFETs fabricated in a
where[]()) denotes for the real part of the matrix 9.1gim CMOS process by Conexant Systems Inc.
elements, and partitioGyeyr as Measurements were conducted by using an ATN

cC C_. NP5B Noise and S-parameter Measurement Systems
Cyextr= | o¢ & (7) (0.3 ~ 6 GHz). All the parasitic effects from probe
Cie Cii pads and interconnections were de-embedded. Fig. 2
whereCeg Cej, Cie andC;; are %2 matrixes. shows the channel thermal noise versus frequency
11. Calculate the admittance correlation matrixCharacteristics for the n-type MOSFETs with channel
Cyinyr Of the internal part in Fig. 1 by ‘(’J"igth WO:61OX %“21 (10 ﬁrgjggr;) and Iengt?s II_ =
Cyings = Di(CYdev_Cee)DiT .97um, 0.64um, 0.4Zum and 0.2[im, respectively,

_C. Dt-DC. .—C. (8) biased at yg=1.0V and \sg=1.2 V.
e 1 1 el 1

whereD; =D,
12. ConvertY;,, to its chain representatidqyy,. 1E-21r| =0 27um
13. ConvertCyjny to its chain matrix fornCaj., by

*
g oo
- - * * TR
using L=0.42um LR 4

’ET Adasaaa A
Caintr = TACYintr TAT: ©) 3 L=0.64um ALa
whereT, is given by é:‘; ®eccece 000
0 A... *:g L=0..97um VDS.=1.OV
Ty = 12,|ntr_ (10) _II.III..._
1 Agy intr W=10x6um V FLl2V
14. Calculate the noise parameteéy,i, Yopr and 2371 2 3 4 5 6 7

R, of the internal part in Fig. 1 from the noise Frequency (GHz)

correlation matrixCajny by the equations (29a) - Fig. 2.  Extracted channel thermal noisgi) versus
(29c) in [10]. frequencies for devices of four different channel lengths.
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It is shown that the channel thermal noise, in gendevices, but tends to decrease when the channel
eral, is frequency independent and increases whelengths decrease. It can be explained by the noise
the channel length decreases. From Figs. 3 and 4, tmodel proposed in [3]. For longer channel devices,
induced gate noise and the correlation term are prahe induced gate noise is dominant by the one gener-
portional tof 2 andf (solid lines), respectively, where ated in the channel region where the gradual channel
f is the operating frequency. In addition, when chanapproximation holds. The noise from this region
nel length decreases, both the induced gate noise amehds to increase wheng¥ increases. However,
the correlation term also decrease. when the channel lengths decrease, the gate noise
generated from the velocity saturation region

8x10% . ;
becomes dominant and it tends to decrease when
V sgincreases.
23 GS
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Fig. 3.  Extracted induced gate noisgi{) versus fre- !]-
quencies for devices of three different channel lengths. 0'8_0 05 10 15 20 25
8x10%r V (Volt)

V_=1.0V W=10x6um Fig. 5. Extracted channel thermal noisgif) versus
= x107 oS V s characteristics for devices of four different channel
N I lengths.
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Fig. 4.  Extracted cross-correlation terigid*) between * o Ada,, AL 4 4 4 AL:0.421Jm
the induced gate noise and the channel thermal noise ver — PSP A L=0.27um
sus frequencies for devices of three different channel 0.0 1 9709000 ¢ 0. ¢ o T
|engthsl 0.0 0.5 1.0 1.5 2.0 2.5
For the bias dependence of the extracted noise cul Vs (Volt)

rents, Figs. 5, 6 and 7 show thygy*, igig*, andigiy*  Fig. 6. Extracted induced gate noisg ) versus \ss
versus \kg characteristics for the n-type MOSFETSs characteristics for devices of four different channel
with channel width W = 16 6um and lengths L = lengths.

0.97um, 0.64um, 0.42um and 0.2@m, respectively, Finally, Figs. 8 and 9 show the ratio of the short-
biased at g = 1.0 V. It is shown in Figs. 5 and 7 circuited output noise currents generatecigbgy and
thatigig andigy* have a strong bias dependenceigig® to that generated biis* with 50Q source
and they increase wheng¥ increases then tend to impedance when transistors were biased at

saturate at higher ¥s region. From Fig. 6, when Vpg=1.0V and \gg = 1.2V. It is shown thatgiy*

Vgg increasesjqig* increases for longer channel contributes more noise currents thaig* does at the
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output port and both of them contribute less than 5%

of the output noise current generated py*.
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Fig. 7. Extracted cross-correlation terigid*) between

the induced gate noise and the channel thermal noise ver-
sus \gg characteristics for devices of three different chan-

nel lengths.
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cross-correlation noiség(y* oy to the output noise from

the channel thermal nois&jig* o) as a function of fre-

quencies with R= 50Q. -

The ratio of the output noise current from the[s]
induced gate noiség(g* out 10 the output noise from the
channel thermal noiseq(d* ou) as a function of frequen-

The ratio of the output noise current from the

CONCLUSION

The intrinsic noise sources in MOSFETSs extracted
from on-wafer scattering and noise measurements
have been presented. From the extracted results of all
tested devices, the channel thermal ngigg is fre-
guency independent, increases when the channel
length decreases for all bias conditions at a fixed
Vps and is the most dominant noise source at the
frequencies and bias conditions discussed. On the
other handigis* andigiy* have small noise contribu-
tion at the output port of transistors and less impact
for the shorter channel devices. Therefore, an accu-
rate and physics-based noise model for the channel
thermal noise is crucial for MOSFETs when model-
ing RF low noise circuits.
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